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(54) FERRITE-BAINITE TWO-PHASE STEEL 

(57) Abstract: 

PURPOSE: To produce a steel for structures excellent in 
fatigue crack propagating resistance and used for 
vessels, marine structures, bridges, buildings, tanks, 
automobiles or the like under repeated loads. 

CONSTITUTION: This ferrite-bainite two-phase steel 
excellent in fatigue crack propagating resistance is the 
one in which the steel structure of the cross sections 
is composed of ferrite and bainite, the area ratio of 



the ferrite phase is regulated to 38 to 52%, its 
hardness is regulated to ^0.02 by 150HV, the boundaries 
between the ferrite phase and bainite phase are present 
in a straight line drawn on the optional place in the 
cross section by 50 to 300places/mm density. As the 
compsn. of the steel, the following is preferable: the 
one cong., by weight, 0.08 to 0.2% C, 0.2 to 0.6% Si, 
0.3 to 2.0% Mn, 0.01 to 0.1% Al, ^0.1% Nb, =s0.1% Ti, 
and the balance Fe with inevitable impurities. 

COPYRIGHT: (C)1996,JPO 



<i9)B#B#fF/? (jp) 02) ^ H |^ ^ ^ (a) {nmwmm&mm^ 

#PS¥8 - 225882 

(43)&ggB ¥fi&8^(1996)9 3 3B 



<5i)intci. 6 smm^ /r«sa#^ fi msm^mi 

C 2 2 C 38/00 3 0 1 C 2 2 C 38/00 3 0 1 A 

38/28 38/28 



S3fiS!2R *S« W*Jg©»2 OL (£ 8 H) 



©DttWHW- !&H¥7 -27986 


(71) WSBA 


000002118 








(22)tiJHB ¥fi£7*p(1995)2/?16B 




ABz^Em^^K^tS 4TB 5 #33*1 




(72)&9!# 


#ffl » 






*RJ&*Rr1j*jfeK:it«4TB 5#33*»ft 










(72) M» 


ffim 






*Rtff*®irtj **E£|tiR 4TB 5 #33^ft 


















*Rfl£*:Rffi'P*K:lfcfc4TB 5#33^{£ 










(74)f$BA 


#a± $ stst (*i£) 








(54) BSW©^] h^ffi« 






(57) [£*;] 






ism tern* mmmrk®. mm, mm®. g 







t\ bffii±®»sp-c38%j^±52%mT-e, -eco 

51$^150 H V0. 02JiLTT*ab 0 „ 7x5^ hfflt^-T^- 

-f h*o*#*«»fWrto«*o»»fKgiv»fcii:i«Lhn*i 

v^TT-50- 3OO*-0f/n«O**-C#«E-i-4Ci:, 

Lt, C :0.08~ 0.2%, S i : 0.2- 0.6%, Mn : 
0.3 - 2.0%, A 1 :0.01- 0.1%, Nb : 0.1%£IT 

texvT i : o.i%j3.Tt-&*L, jMpaq^fiBTttw 

t F e o 



-1- 



iot, 7x50 ffll±M«$-C38%W±52%WT-C% 
WiT'f hffigC^-O^SA s 150 HV0.02W.TT-* 

ffi£O&j^U3|v>7tit§|±*::j3^T50-300 ^^f/rnnCO 

[»*^2 ] *fi%t LTC : 0.08- 0.2%, Si: 
0.2- 0.6%, Mn : 0.3- 2.0%, Al : 0.01- 0.1 

%, Nb : 0.1 %wt, t i : o.i %mr, Cu : 1.0 
[0001] 

[0 0 0 2] 

4MB, jt&tt, * > 

[0003] z<7>SiT%%f&m$ifrb, mztmwm 

mtttzfflt LT, t&mW- 4-276016-§-<2r«fS«cO^ 

12QHVJa±fc-r*UX, jDXtttCi- C*l, ffi^RA* 
¥ 4 - 329848-^<&^Hii, S i fi. Pi, MnS, 33i 

m frb%z>*mm$[i<-x, 200- 600 

hv, 5-10% t l, y^?<(h<7>mzzm- 

*<o*a» # * 4 * 4 * S KUlflp-TJitf, a^aajta* 

[0 0 0 4] *#R**4v»li*#|RflfJtli, aUTfiH 
Kffltf, »«<7)t#^-(±¥Mffi«f, <75«^«^t- J: 4 S - 

fciir-tofcoa^aaoiia, fc*# < (±2o<7> 

lauzfl-tii*', co«t-5^w®sffiic«t -Suisse 

[0 0 0 5] »»#jt*"ei±, tS^I^^SPi: Ltfflif 



(2) #S¥8-2 2 5 8 8 2 

2 

[0 0 0 6] im^FOitat LT, foj3&m*L%^J: 

tM&mt-tz tarn* l^o t^a*, zntmomm 

[0 0 0 7] i|f^¥4-337026^*T-|±, 

fttLT, PisiJ/Cu^ti^flU 7x70 
ttA&g£5 -25^01 , »-fflOff«^**10-30%O 

ti a is.mn.mmmn 1 t±, i&£o*<fr*a«> ata^ 

fe«t4TK#I&7J*£^®:lEH ( A Kth) <DZtX-& 
[0 0 0 8] 

[H^ s »*L«tT i-t£i*S] *%930§ftli, ?§# 

urt«E-r**a*q» i) u£#*$*tTita-*-* ctu 

[0 0 0 9] 

fe&nMnmm. <{±2o«o«gt;iH:#-e§4 0 

1"C K« jtf*aa«$&& L fc«SR icjo v**c, %a<o it® * 
««*^WUJR«)«-9 t, ^^ilLfir-TJ^lc-^lik (R = 
<rmin /tf.ax : 1 -f-f ^ ^^O*^I&^Ji:*/h)EE73<0 
Jt) ^^ftailSa* (da/dN:i 

40 #SScj£H (AK = K.ax -Kmin : >f ^;Kt>(7?I&7J 

*^tcTll 1 (CTF-tJ: ^ &Ha^<&. 
[0010] 1 t^L7tAK**/hsv^«r- 

«±, aa* t *^rfcjiaa«Ji/h*<» 45tiiak 

7»c«S5:IIHi:«v^, CttW.T<0)c>7JT-*aif, *a^ 
50 * f jl®i-4^T-*4o 



-2- 



3 

[ooi i ] z<r>mw.xnm^m>^ F7-fi-> 3 y 

d a/dN=C • ( A K) 

:;t\ c& J: tfm(4#f!-, gt^, fc^Jt 
[0012] iii t^L/i»i*T-i±, m-%<n?m*)fcjj 

[0 0 13] $fc^cO#^T 4-337026^«{C7K?tt7 > c 
mWli, ±ie<7)l <Dffli£T<7)AK,h£ies< L.t-9 t-f & 

sett, ^v*siJo^T-/F$ft&7e3&c^m£/h$ < L 

T, da/dNtfi<nMjJ ! *S. 

[0014] fazmmmtimwkX'ffi. 

&3¥ 5-1 3271 8*2M.im) > -tOBBI&tjUOAIRU, 

ommzmtz d a / a n k *j j: n-r 

[0 0 15]Sg SSkgf/imi 2 &±.<r>m$:ttMLt U M 
f&frZ. ii%CTC : 0.07-0.22%, S i :0.17-0. 
68%, Mn : 0.26-2.27%, Al : 0.008- 0.125%cO 
tif, flfeKNbirtiliT i £3-fcSI«9*7 7*£fflv>, 

ft, 5£«, ttttiJiOWWitait^tP^fco 

[0 0 16] &#ftajftSttf*(i, A S TMSf&E 647 
'M&fcWJt) * 0.1, 3g"9;SLiiJ&£25H z t Lfc 0 W 

<->*ut«&*£ov»-a±Hi iB», 

iSBAKOttit «E»^3!£**.SiiSiii«d a/dNO 

<r>mc%i<r>gMmcmiz£2,i><ox'$>Zo 
[0017] zomfrb, mcmi-x&m&itnizi* 
<om.fax-mix # , n. *> odDRii v»r tv «> « $ a*« 

^•'JXBijO^co^C^ftL, it * d a 

<ofcco, isxi/y^y^f h • 4 h~1$<7)i><r>X'$> 
^I^TAi fc, 0 4 tz^-TJ:^ hi^-ff- 



(3) 8-2 2 5 8 8 2 

0 

[0 0 18] ££Kpijfflgi££j3C.fcc>£*g:S|?:, 7x5 

aj^ojt^, 7x5^ hog?, ^^^7x7^ ht^ 

70 o£ 0 jeac*/h?<-r*Lif, rac^iiufctj^-Hi 
u *t-r * mm % a l tzm & att-c # & 

[0 0 19] #S&W<±C:OJ:Tfc&jlt;*o*v>-Cfc£;h. 

tOS&li. rilfrB<oifl||U&tf ? 7i7-f 

W±52%Ja.Tt?, -€-<7)®$75 s 150 HV0.02WTT-*>l9, 

Bfi;?|v^cl:«|±tCi3V»T-C50~ 3oo>rm/«m<nwmx 

^7x7^ h • h-mmi t-£>&° 

[0 0 2 0] Ji!E-«Sf«9ffc!|Majffc(±, f^lCS*? 

ffc¥«Jtt* (itttt) , jS»tt*»:i& 

a«;i±, a*%ttr, c :o.08- 0.2%, Si: 0.2 

- 0.6%, Mn : 0.3-2.0%, Al :0.01- 0.1%, 
Nb : 0.1%tTF, T i : 0.1%WT, Cu : 1.0 %BL 
TUWCr : 2.0%WT***L, »»*qF?T*5p*fc 

50 [0 0 2 1] 

[^ffl] *«M«lO«li|(fcORjeaSUov»rl3LTUKlfl 

-r^»o 

[0 0 2 2] (1) 7*7^ h^S1575-0®»^ 
I'? ? ib C liESt 1^*5^^0X7x7^ MS 

St)5 150HV0.02*+t3-T^ *>*), 150^ 
Bf/ortB*-e*4aiUov>-t\ A S TMffiE 647 U L 

it) o. i , m t) m Lit«25H Z t Lx$L%M.ummn 
mmtbLtzo 

[0 0 2 3] Hhtltzmmfr h>^) ^MiJOte^C** 
*!>, 7x7-/ h*»W»*tOB«i:WLfc. -e-O 
^#?:B15lC7F-to Z<7>m5fr<i>. 7x7-f 
^t-ft-f MSf-nS^ (EI4#flH) KJfcU 7x7-f 

50 * ? #t>tt^,<7)i±, 7 x. y 4 vmu^(o»m<ommm8-~ 



-3- 



5 

52% <r>tk^X'$> & C t iffr 7)>£ o 
[0 0 2 4] *ZX\ *%-W<Dffil*. yx.y-1 Yfr^fD 

i-^t>*>7i7^ hS|553-O^T-40-48%coMH#J: r> 

at lv> 0 

[0 0 2 5] (2) 7i7^ hflgCfrW^S 
4 hUfrnmZ* 150H V0.02J^TlCHSi-^o -ft 

m&&ffiX'*>z> t^^mmfrbx-bZo 
[oo2 6] m.m%4Lm^fe%fkmmm-t zmttz 

*>fti±\ mi<r>'imimm-tz>zttf;<, mzfcuizm 
\M.%-?}faizmmLx?T<it-fx$>z>o l^l, -ism.®. 

y^ui-mzmm-rzfrt^x'mm-f&o 

^ # is £ t , «,5s<7)^i±5iv^c?&o xmm^m m 

m s ±z^m&x-*>z> 0 

[0 0 2 7] — fflffi|&?>*#£\ -^><7)m<r>^rit^iX<7)m 

tUjr»***«:v*£J:Ji, UMBO (D^HJE^fcaij-Cab 
ffio*SOIBUab4|l*J3l±OS**ft»t*LlXfta5feJ»o 

[0 0 2 8] iOJ: ; ji7i7'f hfflt^N FfflW 

jt5pa t #»9J-c»«-r4ieHu*>i'uf, -7 ^ 9 ^ b sb?}- 

Ofg?£ 150HV0.02WT^KSi--l>-i:tcJ:or^ 

.fc^TIi, S1$$K (5l5R»)Sfi$) <Ogl§l£55 kgf/mm 2 

l±\ 80H V0.02^££ -C-Cabio 
[0 0 2 9] (3) 



(4) 1li¥8 - 2 2 5 8 8 2 

6 

7x7^f h J: x. 9 4 Hi»#«)«$*aML 

/2 ^gft-r^o 

/0 [0 0 3 0] a**ttKil)*##0#*E#K*aSxfc 

i:*oTt, ««*«***«1tlEBI K 4 It ft If 5e!ScC (± 
/h£<5Mbfcv\> C<7)iSBIi50- 3Wrm/mXhZ> 0 

ft&o ffi^O^ft^fJS3i s 50y^f/mm*M<0*'g-, 7x 

300yBf/mm?r@x.^i:. ft* 
fflC i I. t*tS(0lft!5M^ < i o t L i v\ 

[0 0 3 1 ] £l±©ifi^f>, 7x70Ml'tl'b 
30 #x.ftlf, ffi^#<7)a : KI±75-200 rm/mWMtl. 

[0 0 3 2] Jfcu*»W*ur»i LvW^A^J:^ 

[0 0 3 3] (4) C 

-57t»U, Ml^fltl)£'fA ? 3?i 0 -g-^S^O.08 

tefcii-ifcj&^^fcvv, -*#*fl:3j*o. 20% «r £ x. ^> 
J:, ««*«H«i:4i), mmmmtLx<o'mmmm t m 
40 L<K5e?ft^ 0 c#^rsi±> 0.08-0.20%^ 

mt lv>„ $ "btzai l < (±0.09-0. 15%-eab-So 

[0 0 3 4] (5) Si 

s i i±aiiK*jj:y f ^js±#oBe«j-e^ipi-*o 0.1%* 
va«o-i-*T-(±-^co^*^4<> 0.6 %*zz_z> tma<r> 
&it*> mmtevwmitim-rnx', ^o^m^mn. 

0.1- 0.6%t-f&W£^ o 4i5, h 
ft-fciSHi: LTt±0.25- 0.50%^^ Lv^o 
[0 0 3 5] (6) M n 

50 ^*U*»-C, 0.3%*»t?{4»**«4<, 2.0%$:C 



-4- 



(5) 



#K!¥8 - 2 2 5 8 8 2 



5 



ffifflt LTIi, 0.5 -1.8 %75*a* Lv>„ 
[0 0 3 6] (7) A 1 

a i iimm<nBMx\ wkmm-mm-t&o tpKMM.m 

Ls 0.1%tCi4t8tt)J^fl:t4. Lfc^oTA 1 

ttt^Si lv>|ehj±o.oi~ o.i%-r-£>£ 0 * 

i Lv i <7)(i0.01-0.05%-e*^o 
[0 0 3 7] (8) T i fii^Nb 

Lx&mi±tftz>o. !±&&ft^»-Mm&ft t &&tx 
<7>x\ -eo-t-*ii(±f*,ib(> o.i%artt 4co^<t 

Kli, f*> "b *>0.01-0.05%C7)teHO^* ? Si Lv>„ 
[0 0 3 8] (9) CuUXl/C r 

cnh<oycmits *%wm<r>fcfrt \^x\tm~m\LL% 

*> £ fc, dZ« KJS IXffitia LfBfttt * Kfl± $ * £ 
:t* ? t*Ho -f-O^co-t-^giiC uT*«i 1.0%m 
T> Crt-li 2.0%£lTi'Si Lv>» Z<r>±m.Z Z tlZ> 
fc, C u TN±!&WEEffi$0*|*u C r -eiiSttltO^fc 

[0 0 3 9] (10) P, SfciJ/N 

i£'J?tt^lit'£^ 0 ^%W<DmX'li^ StLotzjimiii 
J:ttS$:V»R#i LT> Pi5iiy f S<7)-g-*g(i0.02%m 
T, N<O^SI±0.01%WTt-f-&<0* s S* L^o 
[0 0 4 0] (11) 



[0 0 4 1] mjZ<nit¥&f&<F>M*yy'Z1)mL, Ar 
/0 A r 3 *ia^oaR|gH^<b 400- 60OC<OiaSteHi 

•csatofcaau *<nfcm.mmx'vmwftn-fz>o 

4tEHUAit4UH\ 950t:JeJ.TA r 3 *m±<7>iSjKig 

[0042] tfz. mm<7>mmizEMztitzmffi.zm 

v\ Ars *£3fc#^;i£iaj£lCfln&7£, ±IBtl^C* 
20 [0 0 4 3] 

C*MCT1) ffc*JK#*Sl t:fti^7 7'«:Ivv 9 
50"Cy.TWEET^7j«35% t & 4 J: IP $ 15mnCO«(ctt± 
tfSJS 810"C £ L TES L fcf£, 795"C^ <b J$*Pi»K1 5 

r/s-e 4oo- 45o , c*t?5S«0J ! &*PL, t^mxmo 

CTKtfri:il)ASTMME 647^1,^**0 T*» 

30 [0 0 4 4] 
[*1] 



m 

No. 








it '■ 


3* & 1 


* (%) 








C 


S i 


M n 


P 


s 


C u 


C r 


N b 


T 1 


SOI. A 1 


1 


0. 1C 


0. 48 


0. 97 


0. 013 


0. 00 2 




0. 02 


0. 034 


0.023 


0.025 


2 


0. 15 


0. 44 


0. 99 


0. 004 


0. 001 




0. 01 




0. 035 


0. 034 


3 


0.11 


0. 23 


0. 96 


0.001 


0. 002 


0. 31 


0. 01 


0. 023 




0. 018 


4 


0.09 


0. 46 


0. 98 


0.001 


0. 002 


0.31 


0. 45 


0. 014 


0. 033 


0. 027 


5 


0. 15 


0. 24 


1. 00 


0. 001 


0. 002 


0. 32 


0. 01 


0. 015 


0. 036 


0. 028 


6 


0. 16 


0. 20 


1. 09 


0. 022 


0. 004 




0. 02 






0. 025 


7 


0.09 


0. 24 


0. 91 


0. 004 


0. 002 




0.02 


0. 016 


0. 038 


0. 027 


8 


0. 08 


0. 25 


0. 70 


0. 005 


0. 004 




0. 01 






0. 024 


9 


0. 12 


0. 21 


1. 22 


0. 008 


0. 003 




0. 01 






0.020 



[0 0 4 5] 



[*2] 



-5- 



(6) 4$gfJ¥8 -2 2 5 8 8 2 

9 10 

m 2 





A r 3 ** 


3131 *) 








7 x 7 -f 


^ »j 7s m 






IK 




h 




mm 






m m 




(r) 


(kgf/mn 2 ) 




(%) 


( *r ffi /DID) 


(HVO. 02) 


x 10 




1 


801 


59.3 




46 


150 


120 


4. 2 




2 


787 


62. 1 




42 


100 


145 


4. 5 




3 


793 


55. 7 




50 


120 


100 


4. 8 




4 


791 


58. 7 




45 


220 


115 


4. 2 




5 


783 


65. 4 


* 


36 


140 


150 


29 




6 


773 


63. 5 


t 


28 


55 


145 


42 




7 


809 


56. 8 


* 


55 


180 


160 


43 


tt«0B 


8 


829 


46. 1 


* 


95 


* 5 


134 


48 




g 


759 


67. 9 


* 


0 


* 0 




39 


fcfct&Gl 



**:ff#fll Ar 3 =910-310x c (%)-80xM n (%)-20x C u (%) 
-15xCr(%) 



[0 0 4 6] d*L**?>*>^4 J: ? 7x.?4httfr 

Ml. 2. 3, is J: 0*40. ^VXlijOS&Cti, JtR 

[0 0 4 7] [*Jfc0O2] 7x7>f 
jB4fca&, C^i£0.08-0.15%, S i ^*fi£0. 20 * 
A r 3 CC) = 910- 310XC (%) 
-15XC r • • • 
%btitzmWL<r>y ^y4 h5W±40-*46%"C*iK 7^ 
7^ hffi»#0«$(i75-175 HV0.02. 

fco 

[0 0 4 9] :oe*i:j:4 7x7>f 

*aC»J XSl]O^3&C<7>^fL£06 150H 
it SStfCtt C|nI±Ltv^it3»*t>*4 e 

[0050] CHifcW 3 ] c : o. 10%, s i : o. 5i %. 

Mn :0.99%, Nb : 0.032%, Al : 0.022%O§I 
(Ars = 800t)) Srfflvv 950"C^ 8201C £ "COfi 

oor^^isr/s-cMio - 44o , c^sK<gHi-e^*ij^ 

*.7>f b*0#3$£ti42-48% , r% 7i7>fhffi»#0« 
Sti 120- 130H V0.02-C*oT\ ffi#ISMBJRli20-~ 3 
70*W/nnfc*ftLTv*>fco ZtibnmfrbWtmKiW 

[0051] ffl%#«js^-r 



*-0.51%O|£H^x.7t, Mn^*» 1.0% "CT i £ X 
XfNb Sr-ttL-?tL^0.02%^#i-^>SItfflv^ ^-^r- 

Ars * L 420- 470t: £ "ClSt!^/ s -C5*»J*£*P U 
60sffi#LTK^»«La«rffio^o --"C% Ars 

[0 0 4 8] 



-80XMn (%) -20XCu (%) 



[0 0 5 2] 

[0ffiO«ijL£ifcl?fn 

[0 1 ] £ J©*ifc*#»«H fc 

[B2] I^e»Mtt:fflv^:MiifroMJ^t 
0-eab& o 

[0 3] *Bo«^ov^T*^%»jiaiaftfcj6*tt* 

[04] !E^*ajl«aKtcH«i"*5e»Ciii5J:t3r 

[0 5] *»*aji«a«^H#-r456*cfc, 7*9 
[me] *»*«jt«aft*iiH#-r*5fe»ct. 



-6- 



(7) 



ftffl¥8 - 2 2 5 8 8 2 



11 

[ii7] ffi»*aa«a*uw«i-&56»ci:, y*y 



12 



4 h • ^4+4 hZlffi«lOffi«**flEtO|B««:^-ro 



[HI] 




fcfl&^SMaB log A K 



[[32] 
t =12. 5 (mffi : mm) 



o 



»12,7 



V 



12. Si UP 



40 



62.5 



[B3] 



[H4] 



~4_ 



\ 



m 
m 

*0 



10 



10" 5 ^ 



« 10" 



-i r 



4 a _ 



r t i 



8 10 30 50 



*54 h#m: 46% 



7x7>f hfflS* : 120HV0.G2 

r 




[15] 




-7- 



(8) 



%fffl¥8-2 2 5 8 8 2 




13 7] 



100 150 200 

7x7-f hffl<0«£ (HVO.02) 




0 100 200 300 400 



(72) &wm ma mis 

±mm±mi*'mim4TE 5#33-§-t£ 



(72) %h^^ m 



-8- 



